Abstract. In this paper, by simulating actual operation, detailed study of human-computer interaction in continuous VDT operation the effects of five factors on two types of human error and their extent of the impact. The five factors: sex workers, a different color, different task difficulty, different way of expressing information, with or without a time limit. The two types of human error: wrong operation and timeout errors. The results show that five factors influence on timeout errors is not obvious. Impact on wrong operation is significant: color interface error rate is lower than the black, the female error rate is lower than that of the male, and the error rate in the simple task is lower than that in the complex. The influence of five factors on the error rate is from large to small is: task difficulty, time limit and sex workers, expressing information, color.
Introduction
VDT (Visual Display Terminal) operation is the generic term by using personal computers, computer systems, and visual display terminal to handle data, text, images and other information processing jobs. VDT operation, with the popularity of computers, has become a representative of modern labor [1] . Studies of VDT operation in China started relatively late mostly in 1980s. And published articles about VDT operation in the academic journals in China, the experimental research papers accounted for only about 7%. So the researches of VDT operation in China are still in the early stage of the investigation and study [2] .
Referring to the relevant literature, human error is the most important cause of VDT operation safety accidents. Shiqian Lian analyzed mechanisms of the human error and proposed prevention strategies [3] .Li Zhang pointed out that human error was the key problem of the human-computer interaction [4] . There are a lot of imperfections in the development process of human error, and these are the hot topics in the current discussion.
According to J. Reason's classification of human error [5] , human error in this paper was divided into two types: wrong operation and timeout errors. Wrong operation meant that the actual task result was different from the expected result; timeout errors were the task could not be completed within the specified time. Based on the simulation of the actual work, this paper got the error rate of two types of human error in the VDT operation under the five factors. The five factors: sex workers (male and female), a different color (black and color), different task difficulty (simple and complex), different way of expressing information (images and text), with or without a time limit.
Methods
Independent variables. Variables of operators: sex workers (male and female); variables of tasks: a different color (black and color), different task difficulty (simple and complex), different way of expressing information (images and text), with or without a time limit.
Dependent variables. Reaction time and correct rate. The design of experimental task group was shown in Table. 1.
Tasks. 100 questions, each of the 20 questions as a group. There were five groups, each group of questions presented in different ways, but the same task requirements. Each question had four options, the task was to select the only different option in each question. Design and procedure. The E-prime1.1 software was used to write the control experiment tasks; the experiment was divided into two different kinds of time limits. In this paper, two different types of experimental materials and the relevant control of List and the different core experimental processes of CEP were constructed to form a parallel relationship. The first core experiment contained the first four task groups, each of which trail started from the middle of the screen prompt "+". After 800 ms, the experimental tasks were presented including subject requirements and four options. Subjects were asked to press the keyboard to represent the different options on the number of keys "1", "2", "3", "4". There was no restriction on the time of each task; the second core experiment contained only the fifth task group, the only difference was that each task had a time limit to 6000ms. In order to distinguish between wrong operation and timeout errors, the participants were told that the total time of the first four groups was limited to 10 minutes.
Participants. In all, one hundred participants were recruited from the Sichuan Normal University, China. They were undergraduate students with a mean age of 18 to 26 years old. There were 41 males and 59 females, participants were healthy, no color blindness. They had no history of doing similar experiments that would affect this experiment.
Apparatus. Lenovo notebook computer, the screen was 14 inches widescreen LCD display, the resolution was 1366 * 768.
Analysis. The reaction time and correct rate were processed by EXCEL software and SPSS software. The differences in conditions of five factors were analyzed using a repeated-measure analysis of variance (RANOVA) test and pairwise comparison Post Hoc tests (Tukey HSD). Statistical significances in all analyses were assumed to be less than 5 percent (p<0.05).
Results
The difference of experience and knowledge between every operator leads to a different reaction time, hence leading to a timeout error. In this paper, the principle that the reaction time is a timed out: reaction time is greater than the sum of the mean and standard deviation. The correct rate reflects the error rate indirectly. Since the types of human error are divided into two types: wrong operation and timeout errors. The discussion of correct rate is divided into two categories: the correct rate in the case of wrong operation and the correct rate in case of timeout errors. In order to facilitate the experimental comparison, this paper reorganizes five task groups into five variable groups, as shown in Table. 2. Comparison in the group.
In the case of wrong operation. Table. 3 shows that the factors of group A, group B, group C and group D have significant effects on the correct rate of wrong operation (P < 0.01). Table. 4 shows the mean correct rate between different group: group 2 > group 1, group 1 > group 3, group 1> group 4, group 4 > 5. Accordingly, the influence of the four factors (task difficulty, time limit, the way of expressing information, color) on the error rate in the wrong operation is extremely significant. And the error rate in the color interface is lower than in the black interface; the error rate in the simple tasks is lower than in the complex tasks; the error rate is lower when the information is image than the information is text; when time is unlimited, the error rate is lower.
In the case of timeout errors. Since group 5 is time-limited, it cannot clearly distinguish the correct rate of wrong operation and the correct rate of timeout. There is no point in discussing the correct rate of timeout, so the fifth group is only used to discuss the correct rate of wrong operation. Table. 3 shows that factors of group A, group B and group C have no significant effect on the correct rate of timeout (P > 0.05). Accordingly, the effect of three factors (task difficulty, expressing information, color) on the error rate of timeout is not significant, so there is no longer analyzed. Table. 5 shows that the correct rate of sex workers on error operation is significant only in group A and group C (P < 0.05), But there is no significant difference in the correct rate of timeout among groups A, B and C (P > 0.05). Table. 6 shows that the correct rate of wrong operation in the group A and C is higher in female than in male (0.940 > 0.902; 0.875 > 0.837), and the mean correct: group 2 > group 1, group 1 > group 4. Accordingly, the influence of sex workers on the error rate of wrong operation is significant under different color interface, and the error rate in color interface is lower than that in black interface (0.935> 0.868; 0.973> 0.907). In different ways of In the case of wrong operation. Table. 7 shows that there is a extremely significant difference between the five groups in the correct rate (P < 0.01). Table. 8 shows that there is no significant difference between the group D and the group E, there is a significant difference between the other groups. In Table. 9, the mean of the correct rate from large to small is: group A, group C, group D, group E, group B, and the data of group D and group E are very similar. The results show that the five factors have a significant effect on the error rate of wrong operation, and the influence from large to small is: task difficulty, time limit and sex workers, expressing information, color.
In the case of timeout errors. Table. 7 shows that there is a extremely significant difference between the four groups in the correct rate (P < 0.01). Table. 8 shows that there is a significant difference between the four groups. In Table. 9, the mean of the correct rate from large to small is: group A, group C, group E, group B. The results show that the four factors have a significant effect on the error rate of timeout errors, and the influence from large to small is: task difficulty, sex workers, expressing information, color.
Conclusions
In VDT continuous operation, the impact of five factors on the timeout errors is not obvious, but the impact on wrong operation is significant. The task difficulty has the greatest influence on the error rate, the more difficulty of the task leads to the higher error rate. The secondly factors are the sex workers and time limit: error rate of female workers is lower than that of male workers; the larger the time limit, the lower the error rate. The third factor is different way of expressing information, the error rate of images task compared to the text task is lower. The fourth factor is color, the error rate decreases with the increase of the number of colors. Finally, in order to reduce the rate of human error, and ensure the safety of VDT operations. This paper presents some suggestions:
In the tasks. The task interface is designed to colorful pictures or illustrations in the form of easy to understand; the task is marked with some hints to make the task more logical and simple; as far as possible to give sufficient time to ensure that the cognition of the operators to the task.
In the operators. Testing the operators and assigning jobs based on the strengths and weaknesses; training the operators and strengthening exercises to achieve proficiency in the content of the work; developing reward system to improve the enthusiasm of the operators.
